In order to investigate the relationship between dietary amino acids and protein, and activities of intestinal sucrase [EC 3.2.1.26] and leucine aminopeptidase [EC 3.4.11.1, LAPase] in rats, the effect of supplementation of amino acids into a protein-free diet and a low casein diet containing sucrose as the carbohydrate source on these enzyme activities was studied. The segmental weights of the small intestine and its mucosa of rats fed the protein-free diet supplemented with L-methionine or with L-methionine and L-threonine at 0.1 or 0.2% levels were significantly higher than those of rats fed the protein-free diet or one supplemented with L-glutamic acid, but there was no difference in the segmental activities of the sucrase and LAPase among rats fed these diets. On the other hand, the supplementation of methionine or methionine plus threonine to the 5% or 10% casein diet produced remarkable increases in the segmental weights of the small intestine and its mucosa as well as in the segmental activities of the sucrase and LAPase. There was no difference between the segmental sucrase activity of rats fed the 10% casein diet supplemented with 0.2% methionine ad libitum and that of rats fed this diet under restricted feeding conditions, although the segmental LAPase activity was affected by the amount of food consumed.
Summary
In order to investigate the relationship between dietary amino acids and protein, and activities of intestinal sucrase [EC 3.2. 1.26] and leucine aminopeptidase [EC 3.4.11.1, LAPase] in rats, the effect of supplementation of amino acids into a protein-free diet and a low casein diet containing sucrose as the carbohydrate source on these enzyme activities was studied. The segmental weights of the small intestine and its mucosa of rats fed the protein-free diet supplemented with L-methionine or with L-methionine and L-threonine at 0.1 or 0.2% levels were significantly higher than those of rats fed the protein-free diet or one supplemented with L-glutamic acid, but there was no difference in the segmental activities of the sucrase and LAPase among rats fed these diets. On the other hand, the supplementation of methionine or methionine plus threonine to the 5% or 10% casein diet produced remarkable increases in the segmental weights of the small intestine and its mucosa as well as in the segmental activities of the sucrase and LAPase. There was no difference between the segmental sucrase activity of rats fed the 10% casein diet supplemented with 0.2% methionine ad libitum and that of rats fed this diet under restricted feeding conditions, although the segmental LAPase activity was affected by the amount of food consumed. Keywords small intestine, sucrase, leucine aminopeptidase, protein-free diet, methionine, threonine
It has been reported that protein deficiency in childern was associated with reduced intestinal disaccharidase activities (1) (2) (3) . Some investigators (4-7), however, have demonstrated that protein depletion in rats under ad libitum feeding conditions produced significant increases in the specific activities of intestinal disaccharidases, which were an adaptation to the high proportion of carbohydrates in the protein deficient diet. SOLIMANO et al. (4) and ADAMS and LEICHTER (7) proposed that this lack of agreement between human and animal responses to protein deficiency might be due to a number of factors, to deficiency in protein as well as other nutrients and gastrointestinal infection. Recently, however, we found that in rats under force feeding or ad libitum feeding conditions the activities of intestinal disaccharidase and leucine aminopeptidase (LAPase) per length of the small intestine , that is, the segmental activities, were affected by the composition of dietary amino acids and protein (8) (9) (10) (11) . The segmental activities of these enzymes were considered to be more substantial measures of the total functional capacities than the enzyme activities per mg of mucosal protein, that is, the specific activities, because these enzyme activities were localized in the brush border membrane of the small intestine (12, 13) , and the length of the small intestine was little altered by different dietary conditions , whereas in several instances there was substantial reduction in its weight (14, 15) . On the other hand, it has been reported that supplementation of sulfur-containing amino acids and threonine to a low casein diet or a protein-free diet significantly improved changes in body weight and nitrogen balance in rats (16) (17) (18) . The present study was conducted to observe the effect of the supplementation of amino acids to a protein free or a low casein diet containing sucrose as the source of carbohydrate on the segmental weights of the small intestine and its mucosa, and the activities of intestinal sucrose and LAPase. The relationship between dietary amino acids and protein and these enzyme activities was investigated through experimental observations. threonine, or with 0.1% glutamic acid. As activities of intestinal disaccharidases and LAPase in rats refed a diet after a 2-day fast reached constant levels with 3 days of refeeding in a previous study (14) , rats were refed these experimental diets for 4 days and then killed. The small intestine was removed and slit longitudinally after rinsing with cold saline. A jejunal segment representing the second 15 cm segment distal from the pylorus was cut. The mucosa was scraped with a piece of glass, homogenized with cold distilled water and used for the determination of protein content and enzyme activities. Experiments 2 to 4. The experimental procedure in these experiments was carried out basically as in experiment 1, except for the experimental diets. In experiment 2 the experimental diets were a protein-free diet, a protein-free diet, a protein-free diet supplemented with 0.2% methionine or with 0.2% methionine plus 0.2% threonine and a 10% casein diet supplemented with 0.2% methionine. In experiment 3 the experimental diets were a 5% casein diet, and a 5% casein diet supplemented with 0.2% methionine or with 0.2% methionine plus 0.2% threonine. In experiment 4, the experimental diets were a 10% casein diet, and a 10% casein diet supplemented with 0.2% methionine or with 0.2% methionine plus 0.2% threonine. One group of rats fed the 10% casein diet supplemented with 0.2% methionine was restricted in food intake to observe the effect of the amount of food consumed on the activities of intestinal sucrase and LAPase. Rats in this group were administered 6.5g of the diet daily during the dark period.
EXPERIMENTAL
Analytical procedure. Sucrase activity was determined by the method of DAHLQVIST (21) , and LAPase activity was measured by the method of GOLDBERG et al. (22) . The protein in the intestinal mucosa was determined by the method of LOWRY et al. (23) using bovine serum albumin as a standard.
Statistical analysis. Student's "t" test was used to determine significant differences between treatment means (24) .
RESULTS
The results of experiments 1 and 2 are shown in Tables 1 and 2 . There were not such clear differences between changes in the body weight, the amount of food consumed and the liver weight of rats fed the protein-free diet and those of rats fed the protein-free diet supplemented with amino acids. The segmental weight of the small intestine and that of its mucosa of rats fed the protein-free diet supplemented either with methionine or with methionine plus threonine at levels of either 0.100 or 0.2% were significantly higher than those of rats fed the protein-free diet or the diet supplemented with glutamic acid. There was a similar tendency in the segmental content of the protein. On the other hand, no differences between the segmental activities of intestinal sucrase and LAPase of rats fed the protein-free diet and those of rats fed the protein-free diet supplemented with these amino acids were found in either experiments. In experiment 2, the body weight, amount of food consumed, liver weight and the segmental weight of the small intestine and that of its mucosa of rats fed the 10% casein diet supplemented with methionine were remarkably higher than those of rats fed the protein-free diet or the protein-free diet supplemented with amino acids. The activity of the sucrase per g of mucosa or per mg of protein in rats fed the 10% casein diet supplemented with methionine was at the same level as that of rats fed the protein-free diet, but the segmental activity of this enzyme of rats fed the former was 1.8 times that of rats fed the latter. Either the specific or segmental activity of the LAPase of rats fed the 10% casein diet supplemented with methionine was significantly higher than that of rats fed the protein-free diet supplemented with methionine. In experiment 3, the addition of methionine or methionine and threonine to the 5% casein diet caused no increases in the amount of food consumed, but it produced remarkable increases in the body weight and the segmental weights of the small intestine and its mucosa. There were no differences in the activities of the sucrase and LAPase per g of mucosa or mg of protein among rats fed these experimental diets. As shown in Fig. 1 , however, the segmental activity of the sucrase of rats fed the 5% casein diet supplemented with methionine plus threonine was the highest, and this enzyme activity of rats fed the 5% casein diet supplemented with methionine was intermediate between that of rats fed the 5% casein diet and DIETARY AMINO ACIDS AND INTESTINAL ENZYME 199 that of rats fed the 5% casein diet supplemented with methionine plus threonine. There was a similar tendency in LAPase activity, although it was not so clear as compared with that in sucrase activity. Table 3 shows the results of experiment 4. There was no deference in the amount of food consumed among rats fed the experimental diets ad libitum, but increases in the body weight of rats fed the 10% casein diets supplemented with amino acids were more remarkable than those of rats fed the 10% casein diet. Similarly, the segmental weights of the small intestine and of its mucosa of rats fed the former were significantly higher than those of rats fed the latter. The segmental activities of the sucrase and LAPase of rats fed the 10% casein diet supplemented with amino acids were significantly higher than those of rats fed the 10% casein diet. The body weight, and segmental weights of the smmll intestine, its mucosa and its protein content of rats fed the 10% casein diet supplemented with methionine under restricted feeding conditions were clearly lower than those of rats fed this diet ad libitum. Although the activity of the sucrase per g of mucosa or per mg of protein in the former was relatively higher than in the latter, there was no difference in the segmental activity of this enzyme between the former and the latter. On the other hand, the segmental activity of the LAPase of the former was significantly lower than that of the latter. 
DISCUSSION
It has been reported that supplementation of sulfur-containing amino acids and threonine to a low casein diet as well as to a protein-free diet improved changes in the body weight and nitrogen balance in rats (16) (17) (18) . In the present study, the addition of these amino acids to the 5% or 10% casein diet increased the body weight without changes in the amount of food consumed. However, the addition of these amino acids to the protein-free diet did not influence the body weight, and the decreases in the body weight of rats fed these diets were seemingly not remarkable (Tables 1 and 2 ). It was considered that the discrepancy between the experimental results in the present study and those in the other studies was due to the difference in the experimental procedure; in the present study, the initial body weight was estimated just after a 2-day fast, and the experimental period was relatively short as compared with that in the other studies. However, supplementation of these amino acids to either the protein-free, 5% casein or 10% casein diet brought about increases in the segmental weights of the small intestine and that of its mucosa, although the effect of supplementation of methionine and threonine was remarkable as compared with that of supplementation of methionine alone. These findings suggest that the small intestine was rapidly affected by the nutritional quality of dietary amino acids and protein.
Many investigators have reported that intestinal disaccharidases are localized in the brush border membrane of the mucosa (12, 13) and might play an important role in terminal digestion and absorption of dietary nutrients (25) (26) (27) (28) . On the other hand, it has been reported that protein dificiency in children was associated with reduced intestinal disaccharidase activities (1-3), but some investigators have observed that protein depletion in rats under ad libitum feeding conditions produced significant increases in the specific activities of intestinal disaccharidase (4) (5) (6) (7) . In the present study, there was no significant difference in the specific activity of intestinal sucrase among rats fed the various diets ad libitum. As mentioned above, however, the segmental activity of the sucrase was considered to be a more substantial measure of the total functional capacity than the specific activity of the enzyme. In the present study, the segmental sucrase activity of rats fed the protein-free diet supplemented with methionine was clearly lower than that of rats fed the 10% casein diet supplemented with methionine (Table 2) . And the segmental sucrase activity was significantly increased with supplementation of these amino acids to the 5% or 10% casein diet (Table 3 and Fig. 1 ). Furthermore this enzyme activity of rats fed the 10% casein diet supplemented with methionine stayed at the same level regardless of the amount of food consumed (Table 3) . These findings supported the idea that the segmental sucrase activity of rats fed a high sucrose diet was affected by the quality and content of amino acids and protein in the diet, regardless of the amount of food consumed, as described in previous studies (9) (10) (11) .
The effect of supplementation of these amino acids to the protein-free diet and the 5% or 10% casein diet on LAPase activity was similar to that of sucrase activity.
However, the specific activity of LAPase of rats fed the protein-free diet supplemented with methionine was significantly lower than that of rats fed the 10% casein diet supplemented with methionine (Table 2) , and the segmental LAPase activity of rats fed this diet under restricted feeding conditions was clearly low as compared with that of rats fed this diet ad libitum (Table 3 ). These findings demonstrated that LAPase activity was affected by the amount of food consumed together with the quality and content of amino acids and protein in the diet, as suggested in previous studies (9, 10) .
In the present study there was a definite difference in the effect of supplementation of these amino acids on the segmental sucrase activity between rats fed the protein-free diet and rats fed the 5% or 10% casein diet regardless of the amount of food consumed, although the supplementation of these amino acids to either the protein-free diet or the low casein diets produced significant increases in the segmental weights of the small intestine and its mucosa. This difference suggests that segmental sucrase activity was affected by the composition and the content of ingested amino acids and protein together with sucrose in the gastrointestinal lumen, but not by those in the tissues, although no data are interpretable as to the mechanisms. On the other hand, some investigators (29-32) have used rats under total parental nutrition to examine the effect of the absence of food in the gut on functional and structural parameters of the gastrointestinal tract, and have demonstrated that the physiological response related to food ingestion, the trophic action of gastrin, was necessary for maintenance of the structural integrity of the gastrointestinal tract. KOMAN et al. (33) indicated that dietary protein and amino acids produced significant increases in serum gastrin levels, followed in potency by alcohol, fat and glucose. Therefore, increases in the segmental weights of the small intestine and its mucosa occurring due to the supplementation of methionine or methionine plus threonine to the protein-free diet or to the low casein diet might be mediated by an increased release of gastrin. However, increases in segmental sucrase activity occurring due to the supplementation of these amino acids to the low casein diet cannot be explained simply by changes in the release of gastrin, and might be mediated by unknown factors affected by the composition and content of ingested amino acids and protein together with sucrose in the gastrointestinal lumen.
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